The nicotinic acetylcholine receptor (AcChR) from Torpedo is a transmembrane glycoprotein composed of four different polypeptide subunits ( a , p, y and 6) in a 2: 1 : 1 : 1 stoichiometry [ 1-31, Binding of cholinergic agonists to sites on extracellular domains of the AcChR elicits the formation of a transient cation channel within the protein, which is responsible for the initiation of postsynaptic membrane depolarization. On continuous exposure to the agonist, however, the channel opening response becomes blocked and the affinity for the agonists increases, a process known as desensitization [4] .
Keconstitution of the purified AcChR protein into artificial liposomes of defined composition has shown that the presence of certain lipids in the reconstituted samples, namely cholesterol and acidic phospholipids, is important in preserving the ability of the reconstituted AcChR to exhibit an optimal cation channel activity [ 1,s-lo] . Nevertheless, in spite of the existing information on the lipid dependence of AcChR function, very little is known about the molecular basis of such phenomena. In this paper, we have used the conformational sensitivity of the amide I band in the i.r. spectrum of the purified AcChR protein reconstituted into lipid vesicles to explore the possibility that cholesterol causes changes in the protein structure that might be responsible for the observed alteration in AcChR function. Fourier-transform i.r. (F.t.i.r.) spectroscopic methods have shown great potential for detecting structural differences between the various possible conformers of complex membrane proteins [11] [12] [13] [14] , including the AcChR . This information is summarized in Table 1 , along with rapid kinetics data of cholinergic agonist-induced cation translocation, to illustrate the functional status of the AcChR in the different reconstituted hilayers.
Effects of cholesterol on the i.r. amide I band of the AcChR
A previous attempt to use i.r. methods to study the effects of cholesterol on AcChR structure was based Abbreviations used: AcChK, acetylcholine receptor; Pc, phosphatidylcholine.
$To whom correspondence should be addressed. on monitoring i.r. bands in the so-called skeletal region (ranging 1000-900 cm-') of the protein spectrum [21] and yielded uncertain results, partly because of the low intensity of the spectroscopic signal and the weakly established correlation of the selected vibrational modes to specific protein structures. In contrast, the strong 1600-1700 cm-' amide I band used in this work (Figure la) results primarily from stretching vibrations of C=O groups in peptide bonds [22] , the exact frequencies of which depend on the particular secondary structure adopted by the protein. Resolution-enhancing, band-narrowing techniques [23, 24] , such as side-chain vibration, all of the other maxima have been assigned to vibration of the carbonyl group in peptide bonds within different AcChR secondary structural motifs [ 18, 191 : the 1636cm-' band is assigned to /?-sheet structure, the 1656 cm-' band to a-helix, and the 1690 and 1680cm-I bands to turns, and the 1672cm-' band includes contributions from turns as well as from the (0,n) /?-sheet vibration band.
Figure 1 also shows that reconstituting
AcChR in the absence of neutral lipids, i.e. in purified asolectin phospholipids, which results in a pronounced decrease in the ability of the AcChR to allow cation translocation in response to binding of cholinergic agonists (Table l) , results also in alteration of the spectral shape of the amide I band (Figure la) . On band narrowing, it is observed that the main spectral changes refer to an alteration in the 1656 cm-'/1636 cm-' absorbance ratio, which is also seen in the original spectra, and to the appearance of a prominent shoulder centred at approximately 1642cm-', which is not detected in the spectra corresponding to AcChK reconstituted in whole asolectin under the band-narrowing conditions used in these studies ( Figure Ib) . Other spectral changes can also be seen within the 1700-1670 cm ' region.
Reconstitution of purified AcChR in the presence of increasing molar percentages of cholesterol in cholesterol/asolectin phospholipids mixtures, which results in the progressive recovery of the AcChR ion-channel activity (Table I) , results also in the progressive restoration of the i.r. spectral shape which, at a cholesterol concentration ( -40%) resembling that found in the native Torpedo electric tissue [XI, becomes similar to that observed when using whole asolectin lipids as the reconstitution matrix ( Figure Ib) .
Analysis of AcChR secondary structure
The protein secondary structural changes respon- sible for the observed alterations in spectral shape can be determined by curve-fitting of the spectra (for a discussion on quantification methods, see [22, 26] ). and the 1656cm-' band, which are assigned to psheet and a-helical structures respectively, concomitant with the increase of a component band centred at 1644 cm-l, which accounts for more than 20% of the protein secondary structure. Figure   2 (b) also shows that, as observed on the original spectra, increasing the concentration of cholesterol in the reconstituted matrix containing the purified asolectin phospholipids causes a progressive restoration of the different secondary structural components to percentages similar to those observed initially in the samples reconstituted in whole asolectin, including an apparently complete disappearance of the 1644cm-' spectral component. In spectra taken in 'H'O, the 1644 cm-I component of the amide I band is usually assigned to non-ordered protein structures and is related to the band that shifts to approximately 1657 cm-I , overlapping with the a-helix, when the spectra are taken in H 2 0 [ 121. Other authors [27] , however, have recently Goiii, unpublished work), the observed 1644 cm-I component in the AcChR i.r. spectra comprises contributions from both structural motifs described above. In any case, an even more prominent spectral component at approximately 1642 cm-' was also observed as a consequence of 'loosening' the native p-sheet structure of the AcChR by desensitization induced by cholinergic agonist [19] . The appearance of such a desensitization-related spectral component, however, depends just upon the presence of cholinergic agonist, regardless of whether or not cholesterol or any other lipid is present in the reconstituted bilayer.
Influence of phospholipid composition
The effects of cholesterol on AcChR structure and function described above, and elucidated using asolectin phospholipid/cholesterol mixtures to reconstitute the AcChR, have also been assessed using egg phosphatidylcholine (PC)/cholesterol mixtures as the reconstitution matrix. In the latter matrix, regardless of the presence of cholesterol at concentrations similar to those used above, the reconstituted AcChR does not exhibit ion-channel activity (Table l) , in agreement with previous reports by other authors [7, 9, 10] . W e have found that the amide I i.r. band of AcChR reconstituted in egg PC vesicles differs from that observed in AcChR reconstituted in whole asolectin, mainly with regard to the 1656cm-'/1636cm-' absorbance ratio (results not shown). Moreover, the i.r. spectrum of the egg PC-based samples is not substantially altered by the presence or the absence of cholesterol in the reconstituted mixture. These observations indicate that phospholipids other than PC may be required for cholesterol to exert its functional and structural effects on the AcChR protein. From a functional view point, it is known that acidic phospholipids such as phosphatidic acid, cardiolipin or others are required, along with cholesterol, to allow an optimal control of AcChR cation gating [5,7-lo] , and thus it is possible that those phospholipids could also be required to enable cholesterol to act as a structural modulator of the AcChR. In relation to this, it has been recently shown by i.r. spectroscopic methods that phosphatidic acid interacts quite strongly with the AcChR and serves itself as a protein structural effector [ZO] . 
